Abstract Tetraploids of daylily have taken a leading position among the daylily cultivars due to desirable traits such as vigorous growth and flowers with more intense colour. In our previous studies, several tetraploids of daylily cultivars 'Blink of an Eye' and 'Berlin Multi' were obtained using in vitro techniques with different antimitotic agents (colchicine, oryzalin, trifluralin, and amiprophos methyl). The purposes of this study were to evaluate changes in daylily tetraploids in relation to their diploid counterparts and to assess variation among diploids and tetraploids derived from genetically homogenous plant material treated with antimitotic agents. In the first year of the ex vitro cultivation, growth of tetraploids was poorer in comparison with diploids, but in the second year, tetraploid growth was much more vigorous. Compared to diploids, in tetraploids of both cultivars percentage of flowering plants was lower, flowering was delayed by 8 days and 1 month in 'Blink of an Eye' and 'Berlin Multi', respectively, and bud number per scape was lower by approximately 20 and 40 %, respectively. Tetraploid leaves and flowers of both cultivars were significantly larger, chlorophyll concentration index was higher by approximately 40 %, and stomata were longer by 35 %. In 'Berlin Multi' tetraploids, inflorescence stems were shorter by 20 %. In 'Blink of an Eye', variation in flower colour tone and shape and stamen malformation rate was detected both within the unconverted diploids and tetraploids but was more evident in tetraploids. In both cultivars, variation was also found in the nuclear DNA content, which ranged in diploids and tetraploids, respectively, 8.02-8.53 and 16.01-17.13 pg in 'Berlin Multi ' and 8.28-8.71 and 15.93-17.36 pg in 'Blink of an Eye'. Since the variation, while less evident, also occurred in the diploids (regenerated from the antimitotic treated material), we suppose that these variations could be due to antimitotic agents that can induce not only chromosome doubling but also chromosomal and gene mutations. The extent and character of these changes can be related to parental genotype and/or antimitotic agent. Further research is required at the cytological and molecular level to explain the character of changes, epigenetic and/or genetic.
Introduction
Daylilies (Hemerocallis) are very valuable garden perennials that are resistant to unfavourable conditions such as light or water deficiency. Currently in daylily, the polyploid cultivars are in high demand (Gulia et al. 2009; Zhang et al. 2013) . In general, polyploids, especially triploids and tetraploids, are widely used in the breeding programs of many crops including ornamental plant species (Scott et al. 2013) . Polyploids often show novel phenotypes compared with their diploid counterparts (Chen 2007; Rogalska et al. 2007 ). Some of these traits are superior to their diploid progenitors (e.g., vigorous growth or large organs). Polyploids are classified in two major categories: alloand autopolyploids (Ramanna and Jacobsen 2003; Rogalska et al. 2007 ). Allopolyploids contain genomes from divergent species and are obtained by hybridization followed by polyploidisation. Autopolyploids contain the multiplied genomes of the same species. There are two strategies of synthetic polyploid induction: meiotic (less frequently used in breeding) and mitotic. In meiotic (sexual) polyploidisation, 2n gametes are induced (usually 2n pollen) by arresting the mitotic process. 2n pollen (induced with nitrous oxide gas) has recently been used for crossing with diploid cultivars in order to obtain triploids of tulip, lily, and begonia (Okazaki et al. 2005; BarbaGonzalez et al. 2006; Dewitte et al. 2010) . The natural sexual polyploids (mainly triploids) that originate through the functioning of 2n gametes (produced by almost all species in some frequencies) have been considered an important factor in flowering plant evolution (Osborn et al. 2003; Ramanna and Jacobsen 2003; Younis et al. 2014) . The importance of sexual polyploidisation and potential to use its for crop improvement was widely described by Ramanna and Jacobsen (2003) . However, due to irregular meiosis, triploids are usually infertile or less fertile than tetraploids. Also in daylily, triploids reportedly are less fertile than tetraploids and therefore, many breeders are interested in obtaining daylily tetraploids (Gulia et al. 2009 ).
In mitotic polyploidisation, chromosome doubling occurs in somatic cells. This type of chromosome doubling is widely applied for inducing tetraploids by the means of chemical antimitotic agents that interfere with functioning of microtubules inhibiting mitosis during metaphase. Within antimitotic agents, colchicine is utilised most commonly (Rogalska et al. 2007; Dhooghe et al. 2011) . However, several authors reported that the use of this chemical caused frequent formation of mixoploids (Arisumi 1972; Chalak and Legave 1996; Väinölä 2000; Carvalho et al. 2005 ). Moreover, due to the strong action of colchicine on the mammalian microtubuli, including human ones, this substance possesses carcinogenic effects (Morejohn and Fosket 1984) . Therefore, other antimitotic agents, such as oryzalin, trifluralin, and amiprophos methyl (APM) have been used more frequently (Van Tuyl et al. 1992; Petersen et al. 2003; Dhooghe et al. 2009a, b; Podwyszyńska et al. 2010; Dewitte et al. 2010; Podwyszyńska 2011) . These chemicals are the active ingredients of herbicides, and they are considered less toxic to human health.
Polyploidy causes immediate phenotypic changes (e.g., the increased nuclei, cell, and stomata sizes) (Stupar et al. 2007; Anssour et al. 2009 ). Other new morphological, physiological, or phenological characteristics often advantageous that can occur in tetraploids are as follows: larger leaves, flowers, fruits, roots, tubers, and bulbs; often greater vigor and biomass; increased disease/pest resistance; enhanced tolerance to drought or higher content of effective substances; improved post-harvest quality; and altered flowering time (Dhooghe et al. 2011) . It is well documented that polyploidisation leads to novel phenotypes through alteration of dosage-regulated gene expression, altered regulatory interactions, and/ or rapid genetic and epigenetic changes (Osborn et al. 2003; Chen 2007; Rogalska et al. 2007; Parisod et al. 2010) . Thus, polyploidy is considered an important source of novel variation. Therefore, synthetic polyploidisation has been utilised for breeding for many years. Recently, in vitro polyploidisation techniques have been developed for Salix viminalis (Wojciechowicz 2009 ), Humulus lupulus (TrojakGoluch and Skomra 2013), Miscanthus (Głowacka et al. 2010) , tulip (Podwyszyńska 2011) , Centella asiatica (Kaensaksiri et al. 2011) , Pyrus communis (Sun et al. 2011) , and Gerbera jamesonii (Gantait et al. 2011) .
Tetraploids (2n = 4x = 44) of daylily have taken a leading position among the daylily cultivars due to desirable traits such as vigorous growth and flowers with more intense colour (Gatlin and Brennan 2002; Gulia et al. 2009 ). Daylily tetraploids also have larger and thicker leaves containing more substance, and flower scapes are stronger and studier. All of the daylily tetraploid plants have been obtained by induction with colchicine (Arisumi 1972; Chen and Goeden-Kallemeyn 1979) . No naturally occurring tetraploid daylilies have ever been reported (Saito et al. 2003; Gulia et al. 2009; Zhang et al. 2013) . Instead, several taxa with the Hemerocallis species complex are naturally occurring triploids (2n = 3x = 33) (Gulia et al. 2009 ). Arisumi (1970) reported that they probably originated from the unreduced egg cell since he estimated that the frequency of unreduced egg cell was 1 in 15,000 and he did not find a single unreduced pollen grain. Moreover, Zhang et al. (2013) showed that out of 29 wild Chinese evaluated genotypes, 45 % were triploids and 55 % were diploids (2n = 2x = 22). Since no tetraploid was identified, the authors suggested, that all these natural triploids derived probably from unreduced gametes.
In our previous studies, we developed efficient in vitro methods of tetraploid induction for daylily (Hemerocallis x hybrida) using herbicidal antimitotic agents such as oryzalin, APM, and trifluralin as alternatives to colchicine (Podwyszyńska et al. 2010) . Thus, the efficiency of the in vitro tetraploid induction with these antimitotic agents reached approximately 20 %. Several mixoploids were also obtained (9.4 % of the all regenerants) but they were not evaluated in this study. The preliminary observations of the newly obtained allotetraploids and unconverted diploids were that all regenerated from the same plant material treated with antimitotic agents and revealed marked phenotypic differences between diploids and tetraploids as well as variation within either the group of diploids or the group of tetraploids.
The purposes of the present research were to evaluate phenotypic and genome size changes in allotetraploids of daylily in relation to their diploid counterparts and to assess variation within the tetraploids and diploids derived from genetically homogenous plant material treated with antimitotic agents.
Materials and methods

Plant material
Tetraploids and unconverted diploids of Hemerocallis x hybrida 'Berlin Multi' and 'Blink of an Eye' obtained in the earlier studies from in vitro polyploidisation performed in 2009 (Podwyszyńska et al. 2010) were used for phenotype and genome size evaluation. Both tetraploid and unconverted diploid plants were derived from the in vitro shoot cultures treated with antimitotic agents (mg L -1 ): colchicine (500), oryzalin (5 and 15), APM (5 and 10), and trifluralin (50 and 100). The exposure time and concentrations of antimitotic agents were chosen based on our preliminary experiment and the reports of other authors who found such treatments as optimal for in vitro polyploidisation of Actinidia deliciosa, hybrids of Rhododendron, Micsanthus sinensis and Allium cepa (Chalak and Legave 1996; Väinölä 2000; Petersen et al. 2003; Jakše et al. 2003) . The antimitotics were added to a regeneration medium containing Murashige and Skoog (1962) mineral and organic compositions and supplemented with cytokinins (kinetin, isopentenyladenine and benzyladenibe, each at the concentration of 1 mg L -1 ) combined with 0.03 mg L -1 TDZ (Gabryszewska and Wojtania 2005). The shoot clumps were exposed to these compounds for 2-7 days and then transferred to the same medium but without antimitotics. The explants were sub-cultured four times at sixweek intervals on regeneration medium, but the concentration of cytokinins was gradually reduced. In the last regeneration subculture, the concentration of each cytokinin was reduced to 0.5 mg L -1 and TDZ was excluded. Then, the regenerated shoots were rooted in vitro and planted in a greenhouse. Tetraploids were detected using flow cytometry (Podwyszyńska et al. 2010 ).
All of the plants used for this study after transplanting from in vitro culture were grown in a greenhouse during the first year. During the second and the third seasons, the plants were grown outdoors from early May to mid-October and during the winter were kept at 5-10°C in the greenhouse from early November to the end of January. During the rest of greenhouse growing, the temperature was maintained at 20-25°C. Plants were cultured in containers filled with growing substrate TS 1 (Kronen-Klasmann, Gryfice, Poland). During vegetation, plants were fertilised with complete fertiliser and watered as needed. The plants were sprayed against aphids and mites during the growth in greenhouse (March-April) according to the recommendation of the advisory service in the area. Numbers of diploid and tetraploid plants derived from the particular polyploidisation treatments used in our study are given in Table 1 .
Phenotype evaluation
Plants were evaluated for leaf size: length of the longest leaf and width of the fourth leaf at its widest part. At flowering, polyploids were estimated as percentage of flowering plants, first flower opening time (FFO), inflorescence stem length and diameter, bud number per scape, and flower diameter of the first flower in an inflorescence. Mean FFO was calculated as total number of days that passed from a date of the first plant flowering to a flowering date of all other plants divided by the number of plants observed. Measurements concerning the leaf phenotype (length, width) were performed for all of the plants observed (i.e., 10 diploid and eight tetraploid plants of 'Berlin Multi' and 42 diploid and 23 tetraploid plants 'Blink of an Eye'. Flower parameters were evaluated in all of the flowering plants (i.e., nine diploids and six tetraploids of 'Berlin Multi' and 25 diploids and nine tetraploids of 'Blink of an Eye' (Table 1) . Differences between parental donor plants and polyploids in the flower structures, size, and colour (petals, stamens, and pistils) were noted.
Chlorophyll concentration index (CCI)
The relative chlorophyll content of leaves by measuring CCI as a ratio of optical transmission at 931 nm divided by transmission at 653 nm was performed using a Chlorophyll Content Meter CCM-200 plus (Opti-Science, Hudson, USA). Measurements were made on the middle part of the fourth leaf for all of the plants observed (flowering and not flowering).
Genome size (nuclear DNA content) Samples were taken from the middle part of the second, third, and fourth youngest leaves. Leaf tissue (0.5-1 cm 2 ) was chopped together with a piece (1 cm 2 ) of plant internal standard in a Petri dish in 0.5 mL nuclei isolation Partec buffer to which propidium iodide (50 lg/mL) and RNasa (50 lg/mL) were added (Ś liwińska 2008). As an internal standard, the young leaves of Zea mays CE-777 (2C = 5.43 pg DNA) (Institute of Experimental Botany, Olomouc, Czech Republic) were used (Lysák and Doležel 1998) . After adding 1.5 mL of the isolation buffer, the samples were filtered through a 30-lm filter and incubated for 15 min. The fluorescence of the nuclei was measured using CyFlow Ploidy Analyser with CyView software (CyFlow PA, Partec, Germany) with an Nd-YAG green laser at 532 nm. Data were analysed by means of CyView software (Partec). The 2C DNA content of a sample was calculated as the sample peak mean divided by the standard plant peak and multiplied by the amount of DNA of the standard plant. Samples with at least 5,000 nuclei were measured for three leaves of each plant with two runs from each nuclei isolation extract. Nuclear DNA content was evaluated for all of the diploid and tetraploid plants (10 and 8, respectively) of 'Berlin Multi' and for 15 diploid and all of the tetraploid plants (23) of 'Blink of an Eye'.
Stomata length
Sampling method was optimised based on our earlier study . Thus, the samples of abaxial epidermis isolated from the third and fourth youngest leaves, 10-cm distant from their tips were mounted on slides for microscopic observations and stained with toluidine blue according to the procedure of Dyki and Habdas (1996) . The stomata measurements were determined for each of the two leaves of each plant using a Nikon Eclipse 80i microscope with the program NIS-Elements BR 2.30, at 400 times magnification. Samples were collected from seven diploid and seven tetraploid plants of the cultivar 'Blink of an Eye' (three diploids most similar to the diploid standard and four diploid variants as well as three tetraploids of the reproducible phenotype and four tetraploid variants).
Pollen grain length and viability
A mixed sample of pollen each from 2 to 6 anthers of each plant analysed were stained with acetocarmine. The pollen germination was tested on the microscope slides with different sucrose solutions (from 2 to 10 %) after 2, 4, and 6 h of incubation at room temperature (Niles and Quesenberry 1992) . Tests of pollen germination (in vitro) in sucrose solutions had not been successful; therefore, pollen germination was evaluated on the stigma pistil in the process of selfpollinating plants. The stigma pistils removed from two or three diploid and tetraploid plants of both cultivars were isolated and stained with aniline blue after being macerated in 1 % NaOH at 60°C for observation of viable, germinated pollen grains (Dyki 1978) . Measurement of pollen grain length was performed using a microscope as described for stomata measurements (see above). The pollen viability was checked with a fluorescence microscope (Nikon Eclipse 50i) with the program NIS-Elements BR 2.30. Pollen was collected from 11 randomly selected diploid and six tetraploid plants of both cultivars.
Statistical analysis
Data concerning leaf and flower traits and CCI were subjected to an analysis of variance (ANOVA). Data of nuclear DNA content, stomata, and pollen sizes were analysed with ANOVA-nested design. The means were compared by Tukey's test at p = 0.05.
Results
During the first season in the greenhouse, tetraploids grew very slowly and had much smaller leaves (narrower and shorter), but they were thicker with an uneven surface (not smooth) compared to the unconverted diploids (Fig. 1) . All of the regenerated diploids and tetraploids derived from the plant material treated with colchicine died during the first year of growing. No evident differences were identified in leaf phenotype within the group of diploids or the group of tetraploids regardless of antimitotic treatment (oryzalin, APM, or trifluralin). In the second season, the growth of tetraploids was much more vigorous than that of diploids. However, none of tetraploids flowered, and only four unconverted diploid plants formed flowers. The leaf width in 'Blink of an Eye' was significantly higher for tetraploids compared to diploids, 19 and 17 mm, respectively. In tetraploids of both cultivars, the leaves were more green.
In the third growing season (two and-a-half years of growing plants ex vitro), flowering was more abundant. However, the tetraploids flowered in lower percentages than diploids, 75 and 90 %, respectively, in 'Berlin Multi' and 39.1 and 59.5 %, respectively, in 'Blink of Eye' (Table 2) . Compared to diploids, in tetraploids average FFO was delayed by 8 days in 'Blink of an Eye' and by 30 days in 'Berlin Multi'. Flower diameters of tetraploids were significantly larger in both cultivars: by 2 cm in 'Berlin Multi' and (Table 2 ; Fig. 2a, b, d ). Bud number per scape was, however, significantly lower in tetraploids than in diploids of both cultivars by approximately 40 % in 'Berlin Multi' and 20 % in 'Blink of an Eye'. In general, the tetraploids had more robust buds and compact scapes (Fig. 2e) . The stem diameter, measured only in 'Berlin Multi', was higher in tetraploids. In this cultivar, inflorescence stems were markedly shorter by 20 % in tetraploids (Table 2 ; Fig. 2a ). In tetraploids of both cultivars, leaves were larger than in diploids, but significant differences were found only in 'Blink of an Eye', where tetraploid leaves were longer by 5 cm and wider by 3.7 mm (Table 2 ; Fig. 2c ). Chlorophyll concentration index was markedly higher by approximately 40 % in tetraploids of both cultivars compared to diploids. Microscopic observations performed in 'Blink of an Eye' showed that stomata of tetraploids were longer by 35 % than those of diploids (Table 2; Figs. 3, 4). In the studied genotypes, the majority of pollen grains are characterised by a spindle-like shape and similar surface structure (Fig. 5) . Changes in the shape of pollen grain characteristics were usually associated with an alteration in their size (Fig. 6) . Variation in length of pollen grains within the single plant was observed in both diploid and tetraploid forms, but in general the higher standard deviations (SDs) were noted for tetraploids (Fig. 6 ). The pollen grains showed differences in staining with acetocarmine, which may indicate different viability ( Fig. 5a-d) .
Tests of pollen germination (in vitro) in sucrose solutions have not been successful; therefore, pollen germination was evaluated on the stigma pistil in the process of self-pollinating plants (Fig. 5e, f) . Many germinating pollen grains and long pollen tubes were observed in the diploid and tetraploid plants, but there were more in diploids (data not presented). Flow cytometry analysis revealed the obvious difference of the nearly two-fold higher nuclear DNA content in tetraploids compared to diploids (Tables 2, 3, 4; Fig. 7a, b) . Since the nuclear DNA contents in standard diploid plants of 'Berlin Multi' and 'Blink of an Eye' were 8.45 and 8.65 pg, respectively, the theoretically expected DNA content should be 16.9 and 17.3 pg for tetraploids of those cultivars, respectively. But the nuclear DNA contents in the newly obtained tetraploids were usually lower with averages of 16.27 and 16.74 pg in 'Berlin Multi' and 'Blink of an Eye', respectively. In both cultivars, variation was found in the nuclear DNA content within either unconverted diploids or tetraploids, which ranged from 8.02 to 8.53 pg in diploids and 16.01-17.13 pg in tetraploids of 'Berlin Multi' and 8.28-8.71 pg in diploids and 15.93-17.36 pg tetraploids of 'Blink of an Eye'.
We also detected variation in flower morphology of 'Blink of an Eye' within either group of unconverted diploid or tetraploid plants obtained from genetically homogenous plant material treated with different antimitotic agents (Tables 3, 4; Figs. 8, 9 ). Differences were found in flower morphology (colour tone and flower shape) and stamen malformation (lack of anthers). The variation within diploids was rather low. Four diploid variants were selected (Table 3 ; Fig. 8 ). Two of these variants (d38 and d40) were derived from plant material treated with APM at 10 mg L -1 for 7 days and other variants (d58 and d59) were derived from material treated with trifluralin at 50 mg L -1 for 7 days. The variants, d38 with slightly changed flower shape, d40 having 8 petals, and d59 with brighter petals and shorter stamens, all had similar nuclear DNA contents. The variant d58 with one stamen fused with a petal had significantly lower DNA content compared to all other diploid variants. More evident variation was found in tetraploids. In general, all of the tetraploid plants were characterised with more compact flowers (i.e., petals were less open but the flowers of selected variants t77 and t85 petals were even less open, creating a trumpet-shaped flower (Table 4 ; Fig. 4 Stomata length (mean ± SD and Min-Max) of 'Blink of an Eye' daylily plants (n = 20): (d1-d3) diploids most similar to diploid standard; (d38, d40, d58, and d59) diploid variants; (t1-t3) tetraploids of the reproducible phenotype; (t18, t26, t77, and t85) tetraploid variants Fig. 9 ). The most changed plant (t26) had flowers with green throats, three stamens fused with petals, and three remaining stamens with no anthers. The tetraploid variants derived from plant material which was treated with APM at 10 mg L -1 for 7 days or oryzalin at 5 mg L -1 for 2 days.
Discussion
The mechanisms by which polyploidy affects phenotype and contributes to increased variation in allopolyploids (genetic and epigenetic changes, dosage-regulated gene expression, and homologous recombination) have been recently widely reviewed (Osborn et al. 2003; Chen 2007; Rogalska et al. 2007; Madlung and Wendel 2013) . Less attention has been paid to autotetraploidy, which also involves genetic and epigenetic changes (Ramanna and Jacobsen 2003; Stupar et al. 2007; Anssour et al. 2009; Parisod et al. 2010) . Polyploidisation has long been considered a prominent factor in the evolution of plant species. Many of the important crop plants are allopolyploids, including strawberry (allooctoploid) (Marta et al. 2004) , wheat (allohexaploid) (Rogalska et al. 2007 ), oilseed rape (allotetraploid) (Snowdon 2007) , banana (allotriploid) (Simmonds 1995) , and Darwin group tulips (allotriploids) (Marasek and Okazaki 2008) . There is the hypothesis that every plant species underwent through cycles of polyploidisation during their evolution (Osborn et al. 2003) . Polyploid breeding is just a simulation of a polyploidisation occurring in nature. The phenomenon of structural and functional genome alteration caused by polyploidisation is recognised as a source of genetic diversity. Anssour et al. (2009) has demonstrated that both types of polyploidization (allo-and auto-) are associated with dynamic and rapid structural and functional genome alterations, but the scope of changes in autopolyploids has been concluded to be less. In our study, the polyploidisation of daylily caused distinct alteration in phenotype. Compared to diploids, the newly obtained allotetraploids had larger stomata, pollen grains, leaves, and flowers. Similar observations concerning enhancement of cells, stomata, and organs were noted in newly obtained autotetraploids of Zantedeschia (Cohen and Yao 1996) , Chaenomeles japonica (Stanys et al. 2006) , potato (Stupar et al. 2007 ), Nicotiana sp. (Anssour et al. 2009 ), and Gerbera jamesonii (Gantait et al. 2011) . Zhang et al. (2013) reported that naturally occurring triploid genotypes and tetraploid cultivars of Hemerocallis had significantly thicker flower stems and wider leaves similarly as in our tetraploid plants. We also found that the chlorophyll content was higher in daylily tetraploids compared to diploids. This increase in chlorophyll content has been often observed e.g., in neotetraploids of Vicia villosa (Elradi and Unal 2010), mango (González-Rodríguez and Grajal-Martín 2013), and watermelon (Jaskani et al. 2005) . In general, tetraploidisation resulted in positive trends in enhancement of cells, stomata, organs, plant vigor, and/or biomass. However, depending on genotype and characteristics, tetraploidisation has been also reported to be associated with a negative correlation. In potato, cell size and organ thickness were positively correlated with the ploidy level, but the tetraploid plants were generally less vigorous compared to diploids (Stupar et al. 2007 ). In Centella asiatica, the cytological features and some organs were larger. However, traits such as leaf size, fresh and dry weight, and bioactive substance (triterpenes) content were similar in diploid and tetraploid plants, and the numbers of stolons and leaves per plant were lower in tetraploids (Kaensaksiri et al. 2011 ). Our observations correspond well with these reports. Although, in our daylily tetraploids the stomata, leaves, and flowers were larger, the bud number per scape was lower in both cultivars, and the stem length, depending on cultivar, was similar or lower compared to diploids. Negative correlation associated with tetraploidisation was also noted in Rosa rugosa for the number of flowers per inflorescence (Allum et al. 2007 ) as well as the number of flowers per plant and the stem length in Vicia villosa (Elradi and Unal 2010) . Reduction in plant height was noted for some fruit plants such as cherry rootstock (Webster 1996) and citrus hybrid trees (Jaskani and Khan 2000) . Moreover, in our study, the flowering of tetraploids was delayed compared to diploid counterparts. Additionally, the tetraploids flowered in lower percentages. Similar delays in flowering time of a few days were Data of the nuclear DNA content represent mean ± SD of three samples each with two replications noted in autotetraploids of Zizyphus jujube (Gu et al. 2005) and Gerbera jamesonii (Gantait et al. 2011 ) and delays of 2 and 3 weeks in Citrullus lanatus (Jaskani et al. 2005) and Vicia villosa (Elradi and Unal 2010), respectively. Our observations showed that initial growth of tetraploids was very slow, but during the next season tetraploids were significantly larger than diploids. Joshi and Verma (2004) also reported that newly obtained polyploid plants were slower in growth initially but later surpassed in growth parameters their diploid counterparts. In turn, a decrease in the in vitro Pyrus communis shoot and root organogenic potential was found by Sun et al. (2011) . Such decrease of in vitro organogenic ability of polyploids was attributed to the difficulty of normal completion of mitosis or the tendency to produce aneuploid cells during mitosis. As reported by Comai (2005) , the aneuploid cells grow slowly and are overgrown by the preferential proliferation of surrounding euploid cells. Stebbins (1984) reported that the diminished growth rate after polyploidisation resulted from reduced rate of cell division. Slower mitotic rhythm and more sluggish growth of polyploids have been reported since the 1940s (Levan 1943) . This author suggested that since the polyploid nuclei, cells, and organs were larger, On the other hand, in our study, the poor growth of daylily tetraploids observed during the first season was transient. However, during the first winter in a cold greenhouse our diploid and tetraploid regenerants underwent dormancy, and in the second and third seasons, their growth was more vigorous compared to diploids. We suggest that this shift in the growth intensity of tetraploids could have a nature of epigenetic alteration resulting from the changes of DNA methylation pattern occurring during genome stabilisation after chromosome doubling. We suppose that the process of dormancy development/recovery can be one of the factors involved in genome stabilisation related to DNA methylation rate.
The process of genome functional reorganisation (i.e., alteration in gene expression) came from methylation or transposon relocation triggered by polyploidisation has intense character in allopolyploids (Osborn et al. 2003; Rogalska et al. 2007; Chen 2007) . In autopolyploids, the extent of such modulation in gene expression, such as that caused by epigenetic changes, is suggested to be less (Stupar et al. 2007; Anssour et al. 2009; Parisod et al. 2010) .
In our study, the nuclear DNA contents in the newly obtained daylily allotetraploids were usually lower than expected by an average of 3-4 %. In one of the tetraploids, the nuclear DNA content was reduced by nearly 8 %. Immediate elimination of 10-25 % of total DNA was also observed in synthetic autopolyploids compared with their diploid progenitors in Phlox drummondi or Elymus elongates (Parisod et al. 2010) . Authors suggested that in autopolyploids, DNA elimination and other chromosome changes (e.g., DNA translocation, asymmetrical relocation, and loss in rDNA) can be part of a mechanism leading to structural diploidisation. Parisod et al. (2010) concluded that rapid elimination of DNA sequences from autopolyploid genomes seems to occur, but the limited data available so far imply that autopolyploids experience less genome restructuring than allopolyploids.
In turn, Anssour et al. (2009) reported several lines of evidence on the structural and molecular background of genome alterations concerning the natural and synthetic allo-and autopolyploids of Nicotiana sp. Thus, both allo-and autotetraploidy induced morphological, genetic, and genomic changes in Nicotiana. In both types of polyploids, flow cytometry analysis revealed a genome size dosage effect, but in autotetraploids the genome sizes were smaller by 10 % than expected (1.8 and 1.6-fold the genome sizes of their diploid counterparts). Authors suggested that it could result from an aneuploidy or DNA fragment loss. On the other hand, both in the synthetic and natural allotetraploids, the genome sizes were similar to the theoretical size (calculated sum of their diploid components). Other studies on Nicotiana polyploidization (as reviewed by Anssour et al. 2009) chromosomal rearrangements, chromosomal breaks, homologous synapse formation, and genome size changes (mainly reduction). In our study, the background of phenotype and genome size alteration is unknown, and further study using cytological and molecular analyses of our daylily neotetraploids and unconverted diploids could explain the reasons for these changes. Our study showed that variation in pollen grain size was higher in tetraploids compared to diploids. The majority of the tetraploid pollen grains were larger than in diploids, but the relatively high number of small pollen grains was also observed. Although the germinating pollen grains on the stigma were observed either in diploid or tetraploid plants, the less abundant germination was noted in tetraploids, indicating lower fertility. We suppose that lower fertility occurring in our neopolyploids may be caused by multivalent formation after genome multiplication involving meiotic irregularities. Supporting data were provided by Peck and Peck (1969) who reported that the first daylily tetraploid cultivars were not as fertile as diploids due to the abnormal meiosis with multivalent formation resulted in chromosome laggers and bridges Lower fertility was also reported for neoautotetraploids of Vicia villosa (Elradi and Unal 2010) and Citrullus lanatus (Jaskani et al. 2005) . This lower pollen viability of autotetraploid plants has been attributed to instability of chromosome number during abnormal meiosis (Elradi and Unal 2010) . The authors observed irregularities such as, in metaphase I, univalent and tetravalent formation in some cells or single chromosome and chromosome groups located outside of the equatorial plate; and, in anaphase II, the chromosome bridges, lagging chromosomes, chromosome fragments, and different spindle orientation. Moreover, except for the regular microspore tetrads, also some triads, pentads, and even formation of more small spores (ranging from 6-9) were observed during microsporogenesis (Elradi and Unal 2010) . We supposed that similar irregularities in meiosis also could have occurred in our daylily allotetraploids since the pollen grains were very irregular in size. On the other hand, Gulia et al. (2009) reported that the modern daylily tetraploids are as fertile as their diploids due to specific genes that prevent multivalent formation as reported for maize (Jackson and Casey 1982) .
Additionally, in the daylily cultivar 'Blink of an Eye', we found variation in flower morphology, stomata size, and nuclear DNA content within the tetraploid plants obtained from the genetically homogenous plant material treated with various antimitotic agents, oryzalin, trifluralin, or APM. Similar phenotypic variation was noted among neotetraploids of Pyrus communis induced in vitro with colchicine (Sun et al. 2011 ). The variant plantlets had alterations in leaf characteristics. Sun et al. (2011) suggested that chromosome doubling not only resulted in chromosome and gene redundancy but probably also with other types of chromosomal and gene mutations such as chromosomal rearrangements, inversions, translocations, and deletions. The chromosomal alterations and other mutation types resulting from the process of polyploidisation per se were well documented (Stupar et al. 2007; Anssour et al. 2009 ). In our study, the variation, while less evident, also occurred in the diploids regenerated from antimitotic treated material. We suppose that these variations could be due to antimitotic agents that can induce not only chromosome doubling but also chromosomal and gene mutations.
To conclude, the marked variation observed within mitotic tetraploids, more evident than in diploid regenerants, can be caused by genome duplication, which can constitute the mutagenic factor per se. The extent and character of these changes can be related to parental genotype and/or antimitotic agent. Further research is required at the cytological and molecular level to explain the character of changes, epigenetic and/or genetic, which influenced phenotype and nuclear DNA content.
